Abstract-A high power millimeter (mm) wave, in the presence of a magnetic wiggler, produces a large longitudinal ponderomotive force that can accelerate electrons. When a plasma of density n ~ n cr , where n cr is critical density, is introduced in the interaction region, the ponderomotive force resonantly drives a plasma wave that accelerates electrons to higher energies. However, propagation of the mm wave requires a guide magnetic field; O-mode requiring less field than the X-mode. The plasma wave in this situation goes over to the upper hybrid (UH) mode. A parabolic plasma density profile with minimum on axis provides guiding for the mm wave as well as the UH wave, the latter being more strongly localized than the former. The UH wave, for typical parameters, can accelerate electrons to several tens of megaelectronvolts.
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issues involved here. First, the resonant excitation of a plasma wave by a millimeter wave of frequency ui 0 requires ui 0 = UJ P . The mm wave cannot propagate in such a critical density plasma unless a strong magnetic field is applied. Second, the millimeter wave should be guided to long distances. Plasma with appropriate density profile can do this.
In this paper we study the concept of a plasma-filled inverse free electron laser. In Section II we study the propagation of a mm wave in a magnetized plasma channel with parabolic density profile. In Section III we obtain the ponderomotive force due to the mm wave and the wiggler and estimate the amplitude of the plasma wave in the paraxial region. In Section IV we estimate the energy gain and acceleration length. A brief discussion of results is given in Section V.
I. INTRODUCTION L ASER-based charged particle acceleration has emerged as a major field of study over the past two decades [1] - [7] . It involves the generation of a large amplitude plasma wave by: i) beating two lasers of frequencies u>i and u> 2 such that uii -ui 2 = ui p or ii) by employing a short pulse laser of duration r ~ w" 1 , where ui p is the plasma frequency. The plasma wave accelerates the near-resonant electrons to very high energies. The amplitude of plasma wave scales is II A| with laser intensity II and laser wavelength A^. To achieve higher intensities, one focuses the laser to very small spot size. This limits the size of the electron beam that could be accelerated by laser beat wave or wake field acceleration schemes. Further, the laser intensity is nonuniform across its radius, hence, accelerated electrons would have a large energy spread unless localized near the axis. This leads one to examine the efficacy of longer wavelengths, e.g., millimeter (mm) waves for charged particle acceleration, as they produce the same value of plasma wave amplitude as a laser at orders of magnitude smaller intensities and have much larger paraxial region, hence, can accelerate electron beams of larger cross sections. One may employ a magnetic wiggler to mix with the mm wave to produce a longitudinal ponderomotive force that could accelerate electrons. This scheme is referred to as an inverse free electron laser. However, there are two important 
where ui c and ui p are electron cyclotron and electron plasma frequencies. The upper sign in (3) refers to the right circularly polarized X-mode and the lower one to the left circularly polarized O-mode. Equation (1) needs to be satisfied simultaneously for a resonant excitation of the electrostatic wave. At u> = u> p , k 2 for the O-mode is positive for all values of to c , whereas for the X-mode, k 2 > 0 only when ui c > to. Thus, the X-mode, requires a large value of guide magnetic field for its propagation, and we ignore this case. One must remember that for charged particle acceleration we require k pz ~ w/c, i.e., k w = (w/c)(l - For small values of A, one can write the roots of (2) C0n() C Equation (7) has well behaved solutions when Ai = 21 + 1, i = 0, 1, 2, • • •. We consider the fundamental mode, I = 0, for which the eigenfunction turns out to be [9] (8)
The t, z dependence of A as exp [-i(cat -k 
III. EXCITATION OF UPPER HYBRID WAVE
The O-mode imparts transverse oscillatory velocity to electrons, v x K, -iv y = eA/(2im(uj + uj c )), and exerts a ponderomotive force F p = -ev x B ul /2c = -ze 2 
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When the right-hand side (RHS) and the first term on the lefthand side (LHS) are ignored, the solution of (13) is given by (10) . For finite RHS, the eigenfunction for (13) remains the same, but </ > 0 becomes a function of z. Multiplying (13) by A/2 (1 -r?
2 ) e~v l 2 r\dr\ and integrating over 77 from zero to 00, we get
Over a length L of the interaction region, <j> 0 acquires a value
In the case when the millimeter wave is a short pulse of duration r < L/v g , where v g is the group velocity of the millimeter wave along z axis, L in (15) However, a plasma density profile with minimum on axis can guide both the millimeter and the upper hybrid waves. The upper hybrid wave is more strongly localized near the axial region as compared to the millimeter wave. This reduces the amplitude of the generated upper hybrid wave. Launching of the millimeter wave, as a free space wave, into the magnetized plasma reflectivity is not large at the parameters of interests.
